Calcitonin is an important physiological regulator of salmon gins. Although the calcitonin receptor was found in salmon -,the critical question concerning the source of the hormone remained unanswered. In this communication, evidence is presented for expression of calcitonin mRNA and its encoded peptide in gus of the pink salmon, Oncorhynchus gorbuscha. The expression of calcitonin gene
transcripts was demonstrated by reverse transcription-polymerase chain reaction, Southern hybridization, and sequencing. The sequencing identified a sequence corresponding to that of exon 4 of the salmon calcitonin gene. Expression of the encoded calcitonin gene in gus was detected by radioimmunoassay in gil extracts. This synthesis of calcitonin in gills, which also possess specific receptors to the peptide, suggests function of an autocrine or paracrine process producing calcitonin in this tissue. These observations confirm and extend previous reports on the physiological role of calcitonin in fish gills.
Calcitonin (CT), a 32-amino-acid peptide hormone, is synthesized by the C cells of the mammalian thyroid (1, 2) and in ultimobranchial bodies of nonmammalian vertebrates (3) . Alternative splicing of the CT gene leads to expression of either CT or the CT gene-related peptide. This had been initially established in mammals (4-6) and chicken (7) . More recently function of this complex transcription unit has also been demonstrated in salmon (8) . We have observed mRNA coding for the two peptides, CT and CT gene-related peptide, in this species (9, 10) .
For several years the role of CT in fish was controversial as conflicting results concerning the hypocalcemic effect of the hormone have been reported, depending on the species and the protocol followed (11) (12) (13) . This situation changed completely when gills were recognized as one of many target organs for CT (14) . When isolated salmon (Oncorhynchus gorbuscha) gills were perfused under simulated in vivo conditions, CT decreased the rate of flow of perfusate and the influx of calcium and phosphate through the gill (14) . Furthermore CT enhanced calcium and phosphate efflux from the isolated gill into the ambient seawater (15) . CT acts on the two components that determine net flux of calcium and phosphate. The hormone can prevent excess calcium entry from the calcium-rich seawater and therefore contribute to the homeostasis of the "interior milieu" of the fish. Furthermore, receptors to CT in teleosts, in particular in gill and bone, have been demonstrated (16, 17) . In this work we establish, by PCR, that gills of 0. gorbuscha possess mRNA coding for salmon CT (sCT) and express the peptide. 11 The data suggest that an autocrine or paracrine process may function in salmon gills. were collected during an expedition to Alert Bay at the north end of Vancouver Island (British Columbia). Male fishes in spawning stages were netted either in seawater or in freshwater. Fishes were killed by a sharp blow to the head, and gills were immediately removed and stored in liquid nitrogen. RNA Extraction. Total RNA was extracted from seawater gills by a single step extraction with guanidinium thiocyanate and phenol/chloroform (18) . They were quantified by using the OD at 260 nm and stored at -80°C.
PCR Ampli cation. Gill mRNA was transcribed to cDNA with reverse transcriptase (BRL) and a specific synthetic (dT)7 primer (oligo 42, Table 1 ). Then the first-strand cDNA was amplified using Taq polymerase (Eurobio, Paris), different 5' primers specific for sCT mRNA (19) chosen either in exon 3 (oligo C3) or exon 4 (oligo S), and a 3' primer either identical to the end of the poly(dT) box primer (oligo 41, Table 1 ) or an oligomer chosen in the noncoding region ofthe sCT mRNA (oligo SC1) to increase specificity (Table 1) .
Purified PCR primers were purchased from Genosys (England). Adequate controls were included: samples were treated by RNase or the reverse transcriptase step was omitted. The amplification conditions were 40 cycles of denaturation for 1 min at 94°C, annealing for 1 min at 550C, and further extension for 1 min at 72°C in a thermal cycler.
Southern Blot Analysis. PCR-amplified products were size fractionated by migration on a 1.2% agarose gel in 10 mM Tris/1 mM EDTA and visualized by staining with ethidium bromide. Base numbers were determined using nucleic acid standards (Boehringer Mannheim). Blotting onto a Gene-Screen membrane (NEN) was achieved as described (9) . Southern Hybridization. A lThe sequence reported in this paper has been deposited in the GenBank data base (accession no. X78080).
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. and 1 unit of T4 polynucleotide kinase. The reaction-mixture was incubated at 37C for 30 min and then at 550C for 5 min, and the reaction was stopped by immersing the tube in a water bath at 4TC. Hybridization ofthe GeneScreen membranes was performed as described (9) . Sequencing of the PCR cDNA Fragments. PCR products were fractionated on agarose; DNAs were extracted using a QIAEX kit (Qiagen, Chatsworth, CA). DNA fragments were sequenced by the dideoxynucleotide termination method (20) using a Sequenase version 2.0 kit (United States Biochemical). Oligo S and oligo C3 were used as sequencing primers of the PCR product obtained, respectively, with the combination of primers S and 41 and primers C3 and SCi. CT Extraction. Gills from freshwater salmon were extracted with 0.1 M acetic acid at 40C using a Polytron. After centrifugation, the supernatant was lyophilized and taken up in RIA buffer.
CT Content of Gills. A specific RIA for sCT was used as described (21) . In brief, antibody at a final dilution of 1:20,000 and increasing amounts of synthetic hormone (0.03-1 ng) or tissue extract were incubated for 4 days at 4TC. Fifty picograms of the labeled hormone was added, and the incubation was continued for 4 days. Free and bound hormone were separated by precipitation with dextran charcoal; controls for nonspecific binding (absence of antibody) were included in the assay.
Protein Estimation. Protein content was measured by UV absorption spectrophotometry. of the PCR products. Since the direct sequencing of PCR products is more reliable than sequences of clones of PCR products, the PCR products were sequenced. The result of the sequencing gel (Fig. 2) is clear despite difficulties often encountered with direct PCR sequencing and, therefore, unequivocally agrees with the exact sequence of the reported sCT exon 4 of chum salmon, Oncorhynchus keta (19) .
Expression of sCT Peptide in Salmon Gills. sCT in salmon gills was measured by specific RIA. Its amount was 20 pg/mg of protein or 3 ng/g of wet weight. Displacements of labeled sCT by the gill extracts or by synthetic sCT were identical.
DISCUSSION
The results in Figs. 1 and 2 clearly demonstrate that mRNA is not only transcribed from the sCT gene in gills but also successfully translated to express sCT. CT, a major gill hormone in fish, regulates calcium movement (14, 15) through specific receptors situated in this organ (15) . Thus the low amounts of CT peptide that we detected in gill extracts could represent hormone secreted by the ultimobranchial body and bound to its specific receptors in the gills. Our demonstration that the CT gene is actively transcribed in the gills suggests that the hormone present in the gill could be A C G T RESULTS Identification of sCT mRNA in Gills by Reverse Transcription (RT)-PCR and Southern Hybridization. After RT-PCR amplification of gill mRNA, PCR products of 600 bp were identified on an agarose gel (Fig. 1A) . To enhance the fidelity of PCR, two different sets of primers were used to produce identical results, indicating the reproducibility and accuracy. Furthermore, the size of this PCR band corresponds to the anticipated size of the PCR-amplified coding sequence of the sCT gene (19) . To further test the identity of the PCR products, they were examined by Southern hybridization. After transfer to the GeneScreen membrane and hybridization with the specific sCT probe (end-labeled oligo S), a signal was observed on x-ray film corresponding to the 600-bp band (Fig. 1B) . As negative controls, RNA was omitted from the RT-PCR reaction or the RNA samples were pretreated with RNase. In these cases, the 600-bp band was absent.
Sequence Determination of the PCR Products. The above results clearly suggest that the PCR products represent sCT cDNA. The most direct evidence is, however, the sequence A B
.. In any case, the small amounts of CT present in the gill tissue do not contribute significantly to the high circulating CT levels in salmon. Finding that the CT gene is expressed in gill cells raises the question of the potential physiological role of this autocrine or paracrine production. During their migration from seawater to freshwater, salmon must deal with rapid changes in ion concentrations. An autocrine or paracrine system may represent a sensitive method of regulation of CT synthesis, secretion, and action in gill cells directly exposed to seawater. This would be more effective than an endocrine regulation based on signals that would have to be transported through the circulation, eliciting a secondary increase in circulating CT levels in response to these signals. Important changes in the level ofcirculating CT occur during the reproductive cycle of the salmon (9, 22) , which also coincide with the migration from seawater to freshwater (prespawning migration, spawning, and postspawning). The function of an autocrine or paracrine system could also represent a distinct advantage over an endocrine system as in this case the regulation of calcium fluxes in the gills would be dissociated from the other regulations in which CT is involved.
However, this hypothesis raises an important question: how could these small local changes in CT concentration be effective in the presence of large amounts of circulating CT of ultimobranchial origin. In this context, Lausson et al. (23) reported a very original and significant observation. Perfusion of rats with sCT using osmotic pumps led to reestablishment of normal calcemia after the initial hypocalcemia. Subsequent injection of exogenous CT led to an immediate fall in calcium levels, indicating that even in the presence of constant amounts of circulating hormone even small changes in the level of the hormone can elicit a biological response.
It is interesting to note that no CT was detected in trout gills (24), though specific receptors for the hormone are present (16) . Trout is a freshwater salmonid and is not subjected to the great variation in calcium concentration as is the Pacific salmon. However, in this species as in Pacific salmon, important changes in the circulating levels of the hormone occur during the reproductive cycle (25) .
In conclusion, our results suggest that CT regulation of calcium fluxes in the fish gill is of an autocrine or paracrine nature.
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